Neurons within the central nervous system receive humoral and central (neurotransmitter or neuropeptide) signals that ultimately regulate ingestive behavior and metabolism. Recent advances in mouse genetics combined with neuroanatomical and electrophysiological techniques have contributed to a better understanding of these central mechanisms. This review integrates recently defined cellular mechanisms and neural circuits relevant to the regulation of feeding behavior, energy expenditure, and glucose homeostasis by metabolic signals.
Introduction
Similar to early efforts on the human genome project, there is significant recent interest in understanding the neural circuits that regulate a variety of behaviors [1, 2] . Recently proposed projects are focused on mapping the connections between neurons within the brain to facilitate the development of novel therapeutics against human diseases. Importantly, researchers have gained insights into the regulation of appetite and metabolism for well over 150 years. However, owing to inherent technological limitations, classical studies generated models based on indirect and circumstantial (albeit often very convincing) evidence. Guided by neuroanatomical information, recent work has used the power of mouse genetics to map neuronal populations, cellular mechanisms, and putative circuits in unrestrained mice that regulate energy and glucose homeostasis [3] [4] [5] . Importantly, pairing of mouse genetics with electrophysiology has resulted in synergistic advances in our understanding of the physiology of various diseases over either methodology alone. One area in particular that has grown from this earlier work is the identification of neuronal networks that control food intake, energy balance, and glucose homeostasis. In this review we discuss new experimental evidence (including targeted molecular and electrophysiological studies) that has greatly expanded and reshaped our current understanding of neural mechanisms and circuits that regulate feeding and metabolism.
POMC and NPY/AgRP neurons in the arcuate nucleus of the hypothalamus Classical studies suggested that dorsal (paraventricular nucleus of hypothalamus, PVH) and lateral (lateral hypothalamic area, LHA) areas of the hypothalamus were feeding centers, whereas more ventral structures (arcuate nucleus and ventromedial nucleus of hypothalamus, VMH) were satiety centers [6] . Recent work has extended these early observations and the arcuate nucleus of the hypothalamus is now arguably the best-studied brain region for the neuronal control of appetite and metabolism. Interest in and a detailed understanding of the arcuate nucleus in metabolism have benefited from the availability of genetic mouse models that target (map) two chemically identified neuronal types within the arcuate nucleus: anorexigenic pro-opiomelanocortin (POMC) neurons and orexigenic neuropeptide Y (NPY)/agouti-related peptide (AgRP) neurons. In many aspects, POMC and NPY/AgRP neurons share similar activity profiles (Figure 1 ). For instance, POMC and NPY/AgRP neurons both display a resting membrane potential (RMP) of between -40 and -60 mV (representing comparable basal neuronal excitability) and cell capacitance of 10-20 pF (representing analogous cell size) [7] [8] [9] . In agreement with an RMP close to action potential threshold, both POMC and NPY/AgRP neurons usually exhibit spontaneous action potential activity. The melanocortin a-melanocyte stimulating hormone (a-MSH, a biologically active peptide produced in POMC neurons) serves as an agonist, whereas AgRP is an inverse agonist at the anorectic melanocortin receptors (MC3R and MC4R) in the central nervous system [10] . NPY elicits its physiological effects via differential activity at the G-protein coupled NPY receptors (NPY1R, NPY2R, NPY4R, and NPY5R) independent of melanocortin receptors [11] . Notably, although there are only a few thousand POMC and NPY/ AgRP neurons within the arcuate nucleus [7] , a-MSH and NPY/AgRP released from these neurons have potent effects on food intake and metabolism, respectively [10] .
Melanocortins and NPY/AgRP: prototypes in the study of food intake and obesity Arcuate POMC neurons project to multiple hypothalamic and extra-hypothalamic sites involved in the regulation of food intake and energy and glucose homeostasis [e.g. PVH, dorsal vagal complex (DVC) of brainstem, and intermediolateral cell column (IML) of spinal cord] (Figure 1) [12] .
